The proteinases present in dark-germinated flax seeds (Linam usitatissimum) were studied as a function of germination at 25C. A majority of activity was present in basic proteinases with an acidic pH optimum and a temperature optimum of 45°C in the digestion of hemoglobin. Electrophoresis in a sodium dodecyl sulfate-polyacrylamide mixture which had been polymerized with gelatin was used to separate proteins in extracts of seedlings. Subsequent activation of proteinases with Triton X-100 and resultant digestion of gelatin proved to be very reproducible and afforded detection and good quantifiation of various proteinase zones. An ethylenediaminetetraacetate-sensitive proteinase zone, P4 (about 60,000 daltons), appeared at day 3 after imbibition and attined maximum activity at day 4. This correlates with a rapid loss in 'ivo of the glyoxysomal enzyme, isocitrate lyase (EC 4.1.3.1). Ethylenediaminetetraacetate also slowed the loss of isocitrate lyase activity in extracts of 4-day seedling in a dose-dependent manner. The addition of leupeptin, a-tolylsulfonyl fluoride, Pepstatin A, p-chloromercuribenzoate, or 1,10-phenanthroline prior to, during, or after exchange of Triton X-100 for sodium dodecyl sulfate had almost no inhibitory effect upon proteinases in 4-day seedlings.
Intracellular protein levels are determined by the rate of synthesis and degradation. In germinating seeds, a study of proteinases reveals complexity in terms of tissue specificity, hormonal control, targets of action, and other parameters (16) . It is well established that the glyoxysomal enzyme, isocitrate lyase (EC 4.1.3.1), is synthesized de novo during the germination of several fat-rich seeds (3, 4, 7, 12) . The enzyme activity attains a maximum, which is followed by a decline concomitant with the transition from glyoxysomes to leaf peroxisomes; isocitrate lyase is not found in peroxisomes. Previous reports on flax (10) and castor bean (1) seeds are consistent with proteolytic degradation as a mechanism for this decline. In sunflower seeds, the involvement of a proteinaceous factor was reported in the loss of isocitrate lyase from crude extracts (18) . However, the mechanism of the proteolytic degradation of isocitrate lyase implied during later periods of seed germination is still unclear.
In working with flax seeds (Linum usitatissimum), we have consistently observed highly unstable preparations of isocitrate lyase in crude extracts (McFadden, unpublished observation). The present study was undertaken to follow changes in proteinases during the germination of flax seeds, and to elucidate any correlation between one or more proteinases and the loss in isocitrate lyase activity. Developmental Enzyme and Protein Assays. Isocitrate lyase was assayed by the discontinuous method of Roche et al. (14) with some modifications (9) .
The proteinase activity in crude extract was measured against dialyzed 2% bovine hemoglobin or gelatin as substrate. Prior to the assay, the crude extract was dialyzed against extraction buffer to remove free amino acids. In a total volume of 1.5 ml, 0.5 ml each of the substrate and crude extract were incubated in 0.2 M buffer for 1 h at the required temperature. The reaction was stopped with 0.5 ml of 20% (w/v) chilled TCA and the tubes kept on ice for 1 h. The solution was filtered through a Whatman No. 1 filter and 0.2 ml of the filtrate then assayed for ninhydrinpositive material according to Rosen (15) Electrophoresis was also carried out in 0.1% SDS-polyacrylamide-gelatin gels according to Heussen and Dowdle (6) , except that plasminogen was omitted. After electrophoresis, SDS was exchanged with Triton X-100 for 1 h at 22°C, and the gel was incubated for 2 h (unless otherwise specified) at 45°C in 0.1 M succinate, pH 5.0. Proteinases were localized as lighter regions on a dark blue background after staining with amido black as described (6) . For quantification of the proteinase zones, the gels were scanned in a densitometer (Helena Labs) and trough areas traced on Hammermill 10 M paper, cut out, and weighed. All quantifications were done on duplicate samples (at a minimum) which had been subjected to electrophoresis identically but separately. Non-SDS-containing gels were made and processed similarly, except that the acrylamide concentration prior to polymerization was 6% instead of 11% as used for gels containing When gels were incubated at pH 5 and 45C for different times following activation of proteinases by the addition of Triton X-100, a biphasic time dependence of activity was found (Fig. 3) for two representative proteinase zones in the gel. For all subsequent gel assays, therefore, the development time was kept in the linear range at 1.5 to 2 h.
The SDS-polyacrylamide-gelatin electrophoretic method was highly reproducible when repeated on a given extract under identical conditions as shown in Figure 4 which represents denGel sitometric scans of two gel lanes. Moreover, there was linearity Top between gelatin digestion and the protein concentration of flax extracts up to 17 ,ug/10 zu (Fig. 5) . The plateau observed at higher levels ofprotein was presumably due to depletion ofthe substrate gelatin. In all experiments presently described, the protein concentration of the extract was adjusted into the linear range (Fig.  5) .
Since electrophoresis was carried out in the presence of SDS, which was then replaced during proteinase reactivation by Triton X-100, it became crucial for our quantification to estimate the extent of proteinase reactivation following replacement of SDS. To do this, we subjected aliquots from the same crude extract (4-d seedlings) to brief electrophoresis in SDS and non-SDS gels both containing gelatin. After incubation of both gels in Triton X-100 and succinate buffer (pH 5) at 45°C for identical times and staining, the lanes were densitometrically scanned for quantification. The results showed greater than 90% recovery of proteinase activity following SDS removal and excellent reproducibility. Parallel studies of extracts of 4d seeds showed that there was no gelatin digestion when water-treatment of the gel was substituted for Triton X-100 treatment after SDS-PAGE.
In additional studies of extracts of 4d seedlings, it was found that extracts dialyzed against 0. I % SDS or adjusted to 0.1 % SDS and dialyzed against H20 gave specific proteinase activities that tide gelatin of crude ex-were 29% and 12% ofthat for a H20 control (0.107 jmol amino ic experiments were run acid liberated/mg protein . h). In contrast, an extract treated with nsitometrically; (---), 0.1% SDS and dialyzed against 2.5% Triton X-100 had a specific calculated to be 1 1.9 and proteinase activity that was 81% of that for the H20 control. reas to be 3.35 and 3.27 Developmental Changes in Proteinases. Gelatin-containing traces, respectively. One SDS polyacrylamide gels revealed six distinct proteinase zones esults are an average of (P1 to P6) between 1 and 5 d ofgermination (Fig. 6) . The darkly sponding to those which stained regions especially evident in extracts of 1-and 2-d seedn Figure 6 are identified lings were due to seed storage proteins. This entire developmental pattern was reproducible. P1 and P2 were present as early as day 1, P3 and P6 appeared at day 3 and increased until day 5, and P4 and P5 appeared at day 3 with a peak at day 4. The mol wt of protein standards is also presented in Figure 6 . When seeds were germinated in light, there were significant differences in the developmental profiles. However, since patterns were not highly reproducible, the data are not shown.
Effect of Proteinase Inhibitors. Crude extracts from 4d-old seedlings were treated with the indicated concentrations of various proteinase inhibitors and subjected to electrophoresis as described (Fig. 7) . statin A or leupeptin had dissociated during electrophoresis. It was noted that the inclusion of a-tolylsulfonyl fluoride in the incubation buffer interfered with subsequent staining of the gel with amido black.
The effect of various proteinase inhibitors on the decay of isocitrate lyase in crude extracts from 4-d-old seedlings was also estimated. Ethylenediaminetetraacetate protected against the decay of enzyme activity at 37°C; increasing concentrations of EDTA revealed increased protection, the effect saturating at around 50 mm EDTA (Fig. 8) . Leupeptin, a-tolylsulfonyl fluoride, PCMB, and Pepstatin A did not show any protection at the concentrations tested (see legend for Fig. 7 (16) .
Studies on proteinases from castor bean endosperm (19) show the presence of a hemoglobin-degrading activity with an acidic pH optimum (3.5-4.0). This activity was strongly inhibited by the thiol reagents, iodoacetamide, N-ethyl maleimide, and leupeptin. Leupeptin also stabilized the activity of catalase, fumarase, and isocitrate lyase in crude extracts of castor beans (1). We, however, see no effect of leupeptin or another thiol-directed reagent, PCMB, on the stability of isocitrate lyase in crude extracts from germinating flax seeds. This finding is not necessarily in conflict with the earlier report, as the two tissues are different. In castor beans, isocitrate lyase is found in the endosperm whereas in flax it is present in the cotyledons.
The metalloproteinase inhibitor, 1, 10-phenanthroline at a concentration of 1 mM, did not inhibit any ofthe flax acid proteinases and did not stabilize isocitrate lyase activity in crude extracts in contrast to EDTA. The former reagent complexes especially strongly with transition metal ions whereas EDTA is a more general metal chelating agent. It is therefore somewhat puzzling that in a study of jojoba seeds (17) , 1 mM 1, lI-phenanthroline completely inhibited the endopeptidase activity of crude extracts at pH 4 whereas EDTA at a similar concentration had no effect. This may only reflect once again the diversity of proteinases in oil-rich seeds.
Isocitrate lyase activity during flax seed germination peaks at day 3 and then decays to a negligible level by day 5 (10) . In previous research, an a-tolylsulfonyl fluoride-sensitive proteinaceous isocitrate lyase-degrading factor was partially characterized from 4- 
